
screen. Recently I have screened much less and now I
usually employ a gold capsule half a millimeter in thickness,
surrounded by a thin covering of dental rubber. I have tried
innumerable remedies for the cure of leukorrhea, but have
found none of them efficacious.

RESULTS OF THE EXPOSURE OF ANI-
MAL OVARIES TO THE RAYS

OF RADIUM

JOHN M. MAURY, M.D.
MEMPHIS, TENN.

The experiments here recorded were made for the
purpose of determining the changes brought about in
the ovaries of rabbits by exposing them to 50 mg. of
the element radium for twelve hours. This dosage
was selected because it is that generally used in cases
of so-called idiopathic uterine bleedings but which
are now regarded as being due to an abnormal condi-
tion of ovarian secre-
tion.
As some of these

cases, particularly in
young subjects, can be
cured by the internal
administration of pit-
uitary extract, it is
possible that not all
of them are due en-

tirely to ovarian con-
ditions, some being
due rather to a dis-
turbance of the bal-
ance normally existing
between the output of
the pituitary gland
and the ovaries.
It is well known

that the intra-uterine
application of radium
has an effect on men-
struation proportion-
ate to the dose, 50 mg.
of the element applied Fig. 1.—Blood vessels nine weeks after 600 mg. hours of radium,

teritis; peculiar thin walled vessels filled with blood.
for twelve hours
being sufficient to stop menstruation for several
months, and in some instances to establish the meno¬

pause permanently. The generally accepted theory is
that this result is brought about by a destructive action
of radium on the follicles most advanced in develop¬
ment, menstruation returning after the young follicles,
on which radium is supposed to have had no effect, have
had time to mature. Little account, so far as I can
learn, seems to have been taken of the effect which
must be produced on the endometrium, on which its
greatest power must be exerted.
Considering the small amount of radium used in

these cases and the distance from the uterine cavity to
the ovaries, to one who is accustomed to the use of
radium there must be some doubt arising as to the
results being brought about in the manner claimed.
It is also difficult to imagine a satisfactory reason
why the mature follicles should be killed and the less
mature ones remain uninfluenced, especially as every-

Read before the Section on Obstetrics, Gynecology and Abdominal
Surgery at the Seventy-First Annual Session of the American Medical
Association, New Orleans, April, 1920.

where else in biology the less mature a thing is the
greater its susceptibility to disintegrating influences.
As a matter of fact, I have not been able to substan¬
tiate this theory by microscopic examination of the
ovaries treated, and I have other evidence which seems
to show that neither the large nor the smaller follicles
are influenced by this dosage of radium.
In determining changes which may have resulted

from treatment, great difficulty is encountered because
the normal ovary presents no fixed standard for com¬
parison. In normal ovaries, degeneration is present
to a greater or less degree in follicles in all stages of
development, comparatively few completing the cycle
of growth to maturity and rupture with the discharge
of a living ovum. This is particularly true in the rab¬
bit, because ovulation does not take place without
copulation. Follicles maturing except at this time
do not continue to live, but die and degenerate and, as
pointed out by Graves, all those follicles arriving at
maturity during pregnancy must become atretic. It
was therefore necessary to examine a large number of

normal ovaries to
familiarize oneself
with the great varia¬
tions that may exist.
Ovaries of rabbits

differ from the
human ovaries in the
amount of epithelial
tissue present. While
the human ovary may
be described as a con¬
nective tissue organ
containing graafian
follicles and having a
fibrous capsule out¬
side of which is the
germinal epithelium,
the rabbit ovary is a
mass of epithelial
cells having a thin
connective tissue cor¬
tex surrounded by the
capsule and germinal
epithelium. Most of
the follicles are found
embedded in the con¬

nective tissue cortex. The epithelium of the body of
the ovary can easily be distinguished from the epi¬
thelium of the corpus luteum by the latter cells being
of larger size and surrounded by the theca.
The ovaries of rabbits occupy a rather fixed position

in either flank, close to the abdominal wall and just
above the crest of the ilium. In this position they are
much closer to radium placed on the skin surface than
are the ovaries of the human being to radium placed in
the uterine cavity. Having less tissue intervening,
they are therefore more susceptible to the action of
the rays.'
Fifteen female rabbits were treated, each being given

a dosage of 600 milligram hours, the radium applied to
the skin surface overlying the ovaries. One was
killed in three weeks, two in four weeks, two in five
weeks, four in six weeks, three in eight weeks and
four in nine weeks. The ovaries removed were not
touched with fingers or forceps. They were placed in70 per cent, alcohol at once and run up for paraffin
sections as soon as possible. The first few were sec¬
tioned serially and examined throughout. This con-
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sumed much more time than was available, and was
found to be unnecessary. Therefore in the others,
from fifty to seventy-five sections were removed from
each side and from the middle portion of the ovary
and examined, making about 150 to 200 sections from
each ovary. In the examinations of sections, special

Fig. 2.—An atretic follicle, to illustrate the difference between degenerating
follicles and nondegenerating-ònes.

attention was given to the germinal epithelium, the
connective tissue cortex, the blood vessels and the
follicles.
Macroscopically, the ovaries varied greatly in size.

One, a sclerotic ovary, was a mere strip of tissue com¬
posed, as seen under the microscope, of
only connective tissue with almost no fol¬
licles. I do not think this was the result
of the treatment because the ovary was
removed only three weeks after treatment,
and there were no signs of follicles in a

state of degeneration and almost no small
follicles of any size, a change so great
that it could hardly have taken place in
three weeks. The variation in size seemed
to depend on the number and size of the
atretic follicles and corpora lutea present.
Both in number and size these structures
varied greatly in different ovaries. In all
ovaries examined, the germinal epithelium
was present and in normal condition. The
connective tissue cortex varied much in
thickness in different ovaries, even the
two ovaries from the same animal pre¬
senting considerable variation. The blood
vessels showed no signs of endarteritis,
and as they normally have unusually thick
walls, this change could easily have been
observed had it been present.
As would naturally be expected, the

greatest variation was shown in the con-
dition of the follicles. In seven of the ovaries exam¬
ined there were no follicles approaching maturity either
alive or in a state of degeneration. In twelve there were
living follicles at or close to maturity which showed
no evidence of having been affected by the treatment.
In the remaining eleven all the large follicles were in

a state of degeneration. Deducting, therefore, the
seven ovaries not containing follicles of sufficient size
to be supposedly affected by radium, there remain
twenty-three, twelve of which contained large follicles
showing no effect from treatment.
In addition to this evidence, two rabbits were put

with a male and became impregnated five
weeks after treatment, in one four and in
the other five embryos being removed
from the uterus several weeks later

—rather convincing evidence of the via¬
bility of the ovum when it was discharged
from the ovary.
Two other animals which had become

pregnant were later treated and did not
miscarry, indicating that the membrana
granulosa of the mature follicles, from
which the corpus luteum cells are prob¬
ably formed, was not degenerated; for it
is well known that if the corpus luteum
of pregnancy is destroyed in its early
stages, the fetus will be cast off.
From these results I think it a fair

deduction that a 600 mg. hour dosage of
radium does not produce degeneration of
the follicles of the ovaries.

REPORT OF EXPERIMENTS
Rabbit 1.—Killed in three weeks after 600 mg-

hours of radium.
Right Ovary : Quite small. Not more than,

half the thickness of the left ovary.
1. The germinal epithelium is normal.
2. This ovary resembles the human ovary in that the con¬

nective tissue exists throughout and there is no epithelium
except in a few corpora lutea. A cirrhotic ovary.
3. Very few primordial follicles and only a few small

Fig. 3.—A nearly mature nondegenerating follicle eight weeks after 600
hours of radium; shrinkage of granulosa from theca is postmortem.

follicles ; some alive, some dead and degenerating. No-
medium sized follicles and no large ones. None in a state:
of cystic degeneration.
4. Blood vessels normal, but few in number.
Left Ovary: Double the size of right one.
1. Germinal epithelium normal.
2. Connective tissue cortex surrounding epithelial mass.
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3. Two primordial follicles which seem to be normal.
Fairly large number of small follicles, some degenerating
and some in normal state of preservation. A considerable
number of large atretic follicles. All large ones atretic.
4. Blood vessls normal.
Rabbit 2.—Killed four weeks after 600 mg. hours of

radium.

Fig. 4.-—A nearly mature nondegcnerating follicle nine weeks after 600 mg. hours
•of radium; also shows smaller follicle in state of preservation.

Righ Ovary: 1. Germinal epithelium heaped up over one
portion of the ovary, opposite which, in the cortex, are a

very large number of primordial follicles. This heaping up
of the germinal epithelium is irregular in outline and not even,
as when cut on a slant.
2. The connective is greatly in excess of the epithelial

body of the ovary, extending in places deep down into it.
3. Primordial -follicles are in large numbers. A consid¬

erable number of small follicles beyond the
primordial stage. A number of large follicles
just under maturity not in a state of degenera¬
tion. A fev* atretic follicles.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Moderate number of primordial follicles.

Very few small follicles. No follicles of any
size not in a state of cystic degeneration.
4. Blood -essels normal.
Rabbit 3.—Killed four weeks after 600 mg.

hours of radium.
Right Ovary : 1. Germinal epithelium normal
2. Connective tissue normal.
3. Primordial small and medium size follicles

normal. One large nearly mature follicle unde-
generated. A few large atretic follicles.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue normal.
3. Many primordial and small follicles. No

follicles of size supposedly to be affected by
radium.
4. Blood vessels normal.
Rabbit 4.—Killed five weeks after 600 mg.

hours of radium.
Righ Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Primordial follicles relatively few. A fair number of

small follicles, some of which are degenerating. No large
follicles and no atretic follicles.
4. Blood vessels normal.
Left Ovary: Shows the same condition as the right ovary.

Neither shows follicles of a size to be supposedly influenced
by radium.
Rabbit 5.—Killed six weeks after 600 mg. hours of radium.
Right Ovary : 1. Germinal epithelium normal.
2. Connective tissue cortex rather thin.
3. Primordial follicles relatively few, and many of them in

a state of degeneration. Some small follicles, but none of
medium or large size. No atretic follicles. The
ovary is of fair size, but contains only a small
amount of follicular tissue.
4. Blood vessels normal.
Left Ovary : 1. Heaping up of germinal epi¬

thelium in places. Normal elsewhere.
2. Connective tissue thin in places, but quite

thick in others where numbers of primordial
follicles are embedded.
3. Primordial follicles are found in numbers

in places. Scarce in other places. Small and
medium size follicles few. A few large cystic
follicles. One large nearly mature undegenerated
follicle.
4. Blood vessels normal.
Rabbit 6.—Killed six weeks after 600 mg. hours

of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex thin.
3. Few primordial follicles. A large number of

small follicles not degenerated. A number of
nearly mature undegenerated follicles. A few
atretic follicles.
4. Blood vessels normal.
Left Ovary : Quite small in size.
1. Germinal epithelium normal.
2. Connective tissue cortex normal.

3. Few primordial follicles. Some small follicles not
degenerated. Some large degenerated follicles, and several
almost mature not degenerated.
4. Blood vessels normal.
Rabbit 7.—Killed six weeks after 600 mg. hours of radium.
Right Ovary : 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. A few primordial follicles. A number of small follicles,

Fig, 5.—A nearly mature nondegenerating follicle six weeks after 600 mg. hoursof radium.

some degenerated, others not. No follicles near maturity not
degenerated. Several large atretic follicles.
4. Blood vessels normal.
Left Ovary: A number of primordial and small follicles

in normal state. No follicles nearing maturity not in state of
degeneration. Other structures, i. e., germinal epithelium,
connective tissue cortex and blood vessels, in normal state.
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Rabbit 8.—Killed six weeks after 600 mg. hours of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue normal.
3. Many primordial small and medium size follicles present

and in normal condition. Several nearly mature follicles in
normal state of preservation. A few atretic follicles.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue normal.
3. Primordial small and medium size follicles

normal. Several nearly mature follicles in nor¬

mal state of preservation. A few atretic follicles.
Rabbit 9.—Killed eight weeks after 600 mg.

hours of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex thin in some places,

thick in others. About normal in amount.
3. Primordial follicles few and not affected.

Small follicles fairly numerous ; some degenerat¬
ing, others normal. No follicles near full devel¬
opment not degenerated. A few large follicles
in state of cystic degeneration.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Primordial small, medium and nearly mature

follicles normal. A number of atretic follicles
present.
4. Blood vessels normal.
Rabbit 10.—Killed eight weeks after 600 mg.

hours of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. A large number of primordial and small fol¬

licles in normal state. A number of atretic follicles.
4. Blood vessels normal.
Left Ovary: Fairly large, but smaller than the right.
1. Germinal epithelium'normal.
2. Connective tissue cortex normal.
3. Many primordial and small follicles in normal state.

Fig. 6.—A nearly mature nondegenerating follicle eight weeks after 500 mg.hours of radium; it shows an unusually developed theca.

Many follicles near maturity in normal state of preservation.
Many atretic follicles.
4. Blood vessels normal.
Rabbit 11.—Killed eight weeks after 600 mg. hours of

radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.

3. All follicles except the primordial and small follicles in
state of degeneration. A number of atretic follicles.
4. Blood vessels normal.
Left Ovary : 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Very few follicles of any size. No large follicles present

Fig. 7.—High power of nondegenerating follicle nine weeks after 600 mg. hoursof radium.

4. Blood vessels normal.
Rabbit 12.—Killed nine weeks after 600 mg. hours of

radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Primordial follicles few in number. Medium size fol¬

licles few. The nearly mature follicles all in a
state of degeneration. The degeneration is more
marked in the granulosa than in the ovum.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium, connective

tissue and follicles are as described in right ovary.
There are a number of thin walled vessels filled
with blood, a condition not seen in other ovaries
examined.
Rabbit 13.—Killed nine weeks after 600 mg.

hours of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Few primordial and moderate number of

medium size follicles. Large follicles all in state
of degeneration.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex thin.
3. Few follicles of any size to be seen. One

nearly mature follicle in state of preservation.
4. Blood vessels normal.
Rabbit 14.—Killed nine weeks after 600 mg.

hours of radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex rather thin.
3. Very few primordial or small follicles pres¬

ent. A few nearly mature follicles in state of
degeneration. Several large atretic follicles.

4. Blood vessels normal.
Left Ovary : 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Few primordial, many small follicles. A few medium

size and a number of nearly mature follicles in normal state.
A number of large atretic follicles.
4. Blood vessels normal.
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Rabbit 15.—Killed nine weeks after 600 mg. hours of
radium.
Right Ovary: 1. Germinal epithelium normal.
2. Connective tissue cortex normal.
3. Many primordial and small follicles. No follicles of

size to be affected by radium.
4. Blood vessels normal.
Left Ovary: 1. Germinal epithelium normal.
2. Connective tissue normal.
3. Many primordial and small follicles, some

normal, some degenerated. All follicles near
maturity degenerating".
4. Blood vessels normal.
720 Bank of Commerce Building.

ABSTRACT OF DISCUSSION
Dr. Henry Schmitz, Chicago: There is much

difference of opinion as to how radium causes
amenorrhea in the treatment of uterine hemor¬
rhage, either idiopathic. or myomatous. Most
writers regard it as a destruction or degenera¬
tion of the ovarian epithelial cells. I believe
that the effect of the radium is almost exclu¬
sively confined to the endometrium which re¬

ceives in a twelve hour exposure of SO mg. of
radium element a burn of the third degree in
some parts, a burn of the second degree in the
parts more distant from the radium capsule and
a burn of the first degree in the most distant
lateral portions. A burn of the third degree
causes an irreparable damage, while burns of
the first and second degrees heal very readily
with partial restitution of function in the endo-
metrium. The action of the rays on the ovaries
is negligible. I have examined microscopically many ovaries
obtained by panhysterectomy in cases of carcinomatous uterus
to which from 6,000 to 8,000, and more, milligram element
hours of gamma rays had been applied. Macroscopically, a
decrease in the size of the ovaries was noted; on section the
ovary appeared to be hard and sclerotic and devoid of folli-

Fig. 8.—A well preserved follicle six weeks after 600 mg. hours of radium.

cíes. Microscopically, a degeneration or absence of all
epithelial cell structures was noted. The interstitial tissue or
stroma was not affected. The sensibility of the ovaries to the
rays in comparison to the erythema skin dose, which is taken
as the standard in biologic measurements, is about five times
greater. The ovaries are on an average about 8 cm. distant
from the middle of the upper portion of the uterine cavity, the

usual location of the radium capsule in these treatments.
Supposing that the radium carrier is exactly maintained in
this position, then according to the law of the inverse ratio
the ovary receives one sixty-fourth the amount of rays the
endometrium receives at 1 cm. distance. At 1 cm. distance
from a radium capsule the lethal erythema skin dose is about

Fig. 9.—A follicle nine weeks after 600 mg. hours of radium. There is beginningdegeneration in the granulosa, with a well preserved ovum. This degeneration is
probably not the result of radium, as nine weeks have elapsed since treatment, andthe changes are only beginning.

100 milligram element hours and at 8 cm. it is 64 X 100 or
6,400 milligram element hours. If this is divided by five,
the ovarian sensibility quotient, then the amount of milligram
element hours to cause degeneration of the ovarian epithelial
cell elements, so that amenorrhea results, must be at least
1,280 milligram element hours. Hence, 600 milligram element

hours, the amount usually used, cannot produce
degeneration in the human ovary. Dr. Maury's
findings and conclusions may also be proven by
clinical observations. Many of these patients,
after a period of amenorrhea lasting usually
from three to six months, again menstruate
regularly. Evidently, the damage in the endo¬
metrium was partly repaired and ovulation, not
having been interfered with, begins to exert
its influence on the repaired endometrium.
Two patients, one treated for an essential
menorrhagia, the other for a myomatous menor-
rhagia, soon after treatment conceived and had
normal pregnancies and labors. The infants,
also, were perfectly normal. These two in¬
stances prove beyond doubt that radiation did
not affect the ovaries, or if it did, the injuries
were not irreparable. The results of these
animal experimentations would be beyond
criticism if the erythema skin dose of the rabbit
had been determined and the distance between
the radium capsule and the ovary had been
noted. If one of the ovaries had been removed
in each rabbit first, and the one left behind
treated immediately afterward, comparisons
could have been made between the irradiated
and the normal ovary in the same animal.

The Ideal of Preventive Medicine.—Preventive medicine can
never be satisfied until it has attained Isaiah's ideal (Isaiah
lxv, 20) : "There shall be no more thence an infant of days,
nor an old man that hath not filled his days ; for the child
shall die an hundred years old."—Arthur Newsholme, Com-
monhealth. Nov.-Dec, 1919.
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